. Sixty percent of world exportations were by the USA, only 25 % by China and 7 % by both India and France [22] . Walnut blight is the major disease in the orchards of Dauphiné (SE France); it was already mentioned by Garavel in 1959 [8] . The causal bacterium Xanthomonas campestris pv. juglandis can infect leaves, catkins, buds and nuts [ 19] . Crop losses, due to necrosis of the fruit, can reach 60-80 %.
Necrosis of the fruit constitutes the only real problem of this disease. At the beginning of the maturation of the fruit, harmful necrosis usually appears around the stigma as an oily dark brown spot. These young infected nuts generally fail to grow and, then, fall a few days later. Late season necrosis can stain the shell and make a part of the harvest unsellable.
Up to now, the only way to reduce the damages caused by this disease has been to use periodical copper treatments although they are not always effective. Concern for environmental side-effects has restricted the use of copper-based treatments.
Moreover, strains resistant to copper have been found [4, 9] and copper accumulation in the soil may disturb the metabolism of the trees [24] . [1, 16, 20] . The hypothesis that soil may modify the phenolic content of tissues and increase or decrease the natural resistance of fruit to blight has been submitted.
Naphtoquinones such as juglone (5-hydroxy-1,4 naphtoquinone) are major compounds of walnut tissues (especially of husk tissues) [2, 3, 17] . Hedin et al. [12, 13] established that juglone and related compounds accounted for the resistance of pecan (Carya illinoensis) to Fusicladium effusum; cultivars less affected by Fusicladium effusum generally had a higher level of juglone [ 12, 13] .
Moreover, these compounds are known for their toxicity to micro-organisms. Juglone is a depressant agent which immobilises and tranquillises fish, Daphnia, frogs and mammals [26] . Juglone inhibited Lemna minor growth, chlorophyll content and photosynthesis at treatments between 10 and 40 mM [14] . The [7, 24] [23] . This may be explained by some interactions among the factors described in this study ( figure 2) .
The juglone content in walnut husk tissues was influenced by both the cultivar and the soil's permeability (figure 2a). We On the other hand, the presence of copper treatment influences caffeic acid contents between permeable (9 mg g -1 DW) and poorly permeable (7 mg g -1 DW) soils. Without any copper treatment, the caffeic acid content in husk tissues is roughly the same whatever the soil permeability (figure 2f).
This increased level of caffeic acid may indicate a stress due to copper. In this way, flavane content is more influenced by presence of copper treatment in the Parisienne cultivar than in the Franquette cultivar (figure 2g). Likewise, flavane content was higher for the Franquette cultivar (8.9 mg g -1 DW) than for the Parisienne cultivar (7 mg g -1 DW) in poorly permeable soils, and roughly the same in permeable soils (figure 2h).
All of these effects indicated that the nature of the soil certainly modified polyphenol content in walnut tissues. As polyphenols are involved in necrosis pathways as well as resistance, we can hypothesise that the nature of the soil influences the expression of walnut blight through biochemical mechanisms involving polyphenols.
CONCLUSION
Even if some questions are not clarified yet, this study has shown that the nature of the soil, especially its permeability, induces variations of polyphenol contents in walnut husk tissues. Likewise, differences observed in apical tissues may explain why it is the apex of the fruit which is chiefly damaged by necrosis. Differences in sensitiveness to walnut blight between the two cultivars studied, Franquette and Parisienne, may also be explained by different behaviours in relation to polyphenols. The use of copper for the control of walnut blight is more and more questioned, the accumulation of copper is alarming in many orchards, and this study has shown that copper in the soil induces disturbances in polyphenols.
